Objective: Early supplementation of breastfed infants may have consequences both for the mother and the child. We hypothesised that it would result in decreased maternal weight loss and in shorter durations of breastfeeding and birth intervals. Design: Controlled randomised population-based trial. Setting: Six villages in the Sine area of Senegal, West Africa. Subjects: Healthy breastfed infants and their mothers, 68 controls and 66 supplemented infants at randomization. Intervention: Supplementation with high-energy, nutrient dense food from 4 to 7 months of age, twice daily under supervision of field workers. Both controls and supplemented infants were free to eat other complementary foods. Maternal weight was measured monthly. Dates of breastfeeding cessation and of subsequent births were collected prospectively through weekly demographic surveillance, and were analysed using Cox's regression models and 'intent-to-supplement' approach. Results: Mean maternal weight gain from 4 to 7 months postpartum tended to be greater in the supplemented group ( þ 0.25 kg/months, 95% confidence interval (CI): À0.07, þ 0.57). Supplemented infants were breastfed for significantly longer durations than controls (medians: 24.9 and 23.7 months, respectively, P: 0.034). Their adjusted hazard ratio (HR) for breastfeeding cessation was 0.59 (95% CI: 0.40, 0.89). Their mothers had a lower risk of a new birth than mothers of controls (adjusted HR: 0.57, 95% CI: 0.36, 0.92). Conclusions: Early short-term infant supplementation tended to decrease maternal postpartum weight loss, but it increased, rather than shortened, the duration of breastfeeding and birth interval.
Introduction
Early introduction of complementary food into the diet of breastfed infants may have consequences for maternal nutritional status and fertility.
If the introduction of complementary food diminishes the intake of breast milk, then the maternal postpartum weight loss may be reduced because the energy cost of lactation is reduced (Adair and Popkin, 1992) . In Honduras, supplementation of infants with semisolid commercially produced infant food from 4 to 6 months of age resulted in a significantly lower maternal weight loss compared to that of exclusively breastfeeding women (Dewey et al., 2001) . However, a similar trial conducted among low birth weight infants did not yield any significant difference (Dewey et al., 2001) .
Early complementary feeding has also been associated with earlier cessation of breastfeeding in several observational studies (Popkin et al., 1983; Martines et al., 1989) . A negative effect of infant supplementation on the duration of breastfeeding may have several explanations. First, early complementary feeding could incite mothers to stop breastfeeding earlier because of perceived milk insufficiency caused by infrequent stimulation of milk secretion. Second, early introduction of complementary food may lead to earlier resumption of ovulation if the frequency and/or duration of suckling per 24 h are reduced (Huffman et al., 1987; Simondon et al., 2003) . The return of menses often predicts resumption of ovulation, which is rapidly followed by a new pregnancy in societies in which modern contraception and the avoidance of intercourse during lactation are not customary. If the mother is still breastfeeding when she becomes pregnant, she is likely to wean rapidly, because in many countries of the developing world the breast milk of pregnant women is suspected to provoke illness in the suckling (Huffman et al., 1980; Dettwyler, 1987; Bohler and Ingstad, 1996; Jakobsen et al., 1996) .
Finally, reduced maternal weight loss may reduce the duration of birth interval (and thus, indirectly, that of breastfeeding, due to the taboo of breastfeeding during pregnancy), because maternal undernutrition is associated with a decreased risk of early resumption of menstruation (Lunn et al., 1984; Popkin et al., 1993) .
In Sahelian, West Africa, the nutritional status of women is adequate for most of the year, even in rural areas. However, many experience a severe weight loss (3-4 kg on average) during the season of field work which requires strong physical activity and coincides with the time of food shortage (Prentice et al., 1981; Simondon et al., 2004) . In central Senegal, mean average body mass index decreases from 22.0 kg/m 2 in April-May to 20.5 kg/m 2 in SeptemberOctober (unpublished data). Thus, additional weight loss due to breastfeeding might have negative effects on their working capacity and general well-being. The objective of the present analysis was to assess the effects of early, short-term food supplementation of infants (from 4 to 7 months of age) on maternal weight change, duration of breastfeeding and birth interval in a rural West African community, using data from a controlled randomised trial (Simondon et al., 1996) . Study hypotheses were that infant food supplementation would result in improved nutritional status of mothers (i.e. reduced weight loss) and in shortened durations of breastfeeding and the subsequent birth interval.
The four-country infant supplementation trial was conducted simultaneously in Bolivia, the Congo, New Caledonia and Senegal, but data on maternal weight change, breastfeeding duration and birth interval were collected in the Senegalese setting only. The effects of food supplementation on the main outcomes, that is, infant growth in length and weight from 4 to 7 months of age, have been published previously (Simondon et al., 1996) . Briefly, supplementation increased the mean length increment by 4.8 mm in Senegal (Po0.05), while the weight increment was not affected. No effect on either length or weight was found in the three other settings.
Subjects and methods

Study area
The study conducted in a rural area of Central Senegal, in the six largest villages of the Niakhar study area. The population is poor and mainly illiterate, belongs to the Sereer ethnic group and subsists from agriculture (millet, groundnuts) and small-scale live-stock holding. The climate is hot with three distinct seasons, a cool dry season (November-February), a hot dry season (March-June) and one rainy season (JulyOctober) during which virtually all fieldwork is performed. The area is under continuous demographic surveillance by Institut de Recherche pour le Développement (IRD, ).
Study design
Infants were randomised into an intervention or a control group, and the intervention group was offered a food supplement at home twice daily from 4 to 7 months of age. Infants were fed by their mothers under the direct supervision of a female field worker who monitored the intake. The study was not blind because no 'placebo food' was offered to controls.
Both supplemented and control infants were free to consume local complementary food. Thus, this trial did not test the effect of age at introduction of complementary food. Rather, it was designed to increase the amount and the energy and nutrient density of complementary food consumed by infants in the intervention group.
Subjects
Among 161 infants born during the period of inclusion from November 1992 to March 1993 in the six participating villages and still alive at 3 months, 27 did not fulfil all criteria for inclusion due to maternal absence from home or travel plans, lack of parental consent, length-for-age oÀ2.5 z-scores or twin births. At age 3.5 months, home-visits conducted by a physician (KBS or AD) informed parents about the study, asked for oral consent and checked inclusion criteria. Included infants were allocated to supplemented and control groups using tables of randomly permuted numbers (from 1 to 8, with a random starting point) to ensure similar rates of controls and supplemented infants over time. Group of randomization was written in numbered sealed envelopes (prepared by CL), which were opened in the presence of parents immediately after inclusion. The number of included infants was 134, 66 supplemented infants and 68 controls. In all, 13 supplemented infants were excluded prior to 7 months (two deaths, seven refusals to continue, three prolonged maternal absences and one severe illness), compared to 11 controls (three deaths, two refusals, five absences and one severe illness), leaving 53 supplemented and 57 control infants who completed the trial.
Intervention
The intervention consisted of administration of a precooked supplement composed of cereals, soybean powder, skimmed milk, palm oil and sugar enriched with minerals and vitamins. It contained 1.7 MJ (410 kcal), 9 g protein, 10 g lipids and 67 g carbohydrates per 100 g dry weight. The micronutrient content is described elsewhere (Simondon et al., 1996) . From 4 to 5 months, supplemented infants were offered 429 kJ (103 kcal) in 100 g gruel per meal, twice a day, compared to 858 kJ (205 kcal) in 185 g per meal from 5 to 7 months. They had a mean daily energy intake from the supplement of 558 kJ (133 kcal) over the 3 months of supplementation (105 and 148 kcal from 4 to 5 months and from 5 to 7 months, respectively (Simondon et al., 1996) ).
The study took place partly during the dry season (MarchJune) and partly during the rainy season (July-October). In order to avoid nutritional stress, supplementation was stopped gradually: one daily meal of the supplement was maintained during the 2 weeks following the end of the study period (from 7.0 to 7.5 months of age). In addition, mothers were strongly urged to begin offering local complementary food to the children daily during the last 2 weeks of supplementation.
Data collection
Semiquantitative 24-h and 7-day infant food recalls were conducted with the infants' mothers, monthly from 4 to 9 months and at 12, 18 and 24 months. Interviews enquired about number of meals and type of meals (millet gruel, family food, sour milk) during the preceding day and week. Quantitative estimations of intake were not performed. Consumption of the supplement was supervised by fieldworkers at all meals, and the intake was monitored continuously.
Maternal height was measured to the nearest mm using a portable anthropometer (Harpenden) at inclusion and maternal weight was measured using an electronic scale precise to the nearest 100 g (Tefal s , France) at 4, 5, 6, 7, 9 and 12 months postpartum.
All villages were subject to demographic surveillance. In particular, dates of complete cessation of breastfeeding, child birth, death and out-migration from the study area were collected routinely for all women by highly trained demographic field workers through visits to all compounds weekly from 1987 to 1997 and at 3-month intervals from 1997 on . Thus, the collection of data on the duration of breastfeeding and of birth interval was not limited to mothers of infants taking part in the trial. Births of younger siblings of study infants, which occurred prior to the end of 1999 were used for computation of birth intervals. Information on maternal age, parity, education, occupation, religion and quality of housing was also obtained from the database.
Ethics
The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 1983. The study protocol was approved by the Senegalese Ministry of Health, and mothers provided oral informed consent prior to inclusion. Sick study children were provided free medical care. No ethical committees existed at either IRD or in Senegal when the study was conducted.
Statistical analysis
Analyses used 'intent-to-supplement' approach, that is, all randomised subjects with nonmissing data were included. Information on weight change from 4 to 7 months postpartum was available for 58 and 59 women in the supplemented and control groups, respectively. Data on age at cessation of breastfeeding were available for 58 supplemented children and 60 controls, because 10 children died prior to weaning and 6 moved out of the study area. The subsequent birth interval was known for 47 supplemented infants and 51 controls, respectively. Two mothers had died and 11 had emigrated before giving birth again, while 23 had not yet given birth again 7 years later (20 of the latter were aged X35 year at last child birth).
Maternal weight change was computed as weight at 7 months minus weight at 4 months, divided by the exact number of months. An excellent agreement was found between dates of weaning collected by demographic fieldworkers and maternal recall at 24 months. Birth intervals were computed as the difference between the date of birth of the study child and that of his or her younger sibling, and expressed in months.
Background variables were compared between supplemented and control infants using chi-square tests or Fisher's exact tests for categorical variables, and Student's t-test or Mann-Whitney rank-sum test for continuous variables. Maternal weight change was compared between groups using Student's t-test and two-factor ANOVA (to test for seasonal variations). General linear regression was used to adjust for background variables. Maternal height and age were divided into four groups and three dummy variables were created for both to allow for non-linear relationships with outcome variables. Maternal school education, occupation and participation in fieldwork during last rainy season were binary (any vs none), economic level was estimated using quality of housing (walls from cement or mud bricks). Parity was not considered since it was closely related to age.
Breastfeeding duration and birth interval were analyzed using survival analysis, including all women (n ¼ 134). The Kaplan-Meier method with Breslow statistics was used for comparisons between groups. Cox's proportional hazards regression was used to estimate hazard ratios (HRs) of breastfeeding cessation and of a new birth while adjusting for background variables (child sex, maternal age, height, education, occupation, field work, religion and quality of housing). The proportionality of risks over time was tested by including an interaction term of each co-variable with time in the Cox model (one by one). No interaction term had P-values below 0.20, so the proportionality assumption was considered fulfilled.
The BMDP statistical software (version 7.0, Berkeley) and SAS (version 8.1, Cary) were used for the analysis.
Results
The infants' mothers had high-average parities, low levels of schooling and of professional activity outside the household, and the majority had been engaged in fieldwork during the last rainy season (Table 1) . Their nutritional status (BMI) was reasonably good at the time of randomization, while the mean weight of infants was equivalent to that of the NCHS reference population.
Infant consumption of nonbreast milk foods
Supplemented infants consumed about three times more meals per day than control infants did (at 5, 6 and 7 months of age, Table 2 ). When only local complementary food was considered, control infants consumed twice as many meals at 5 and 6 months as compared to supplemented infants, but the average daily consumption of such foods was below 1 meal in both groups up to 6 months of age.
Maternal weight change
Mean weight change of mothers during the 3-month period of supplementation was À0.44 kg/months. There was a nonsignificant tendency towards lower losses in the supplemented group. The difference in mean weight gain between mothers of supplemented and control infants were þ 0.25 kg/mo (95% confidence interval (CI): À0.07, þ 0.57, Table 3 ). Large seasonal variations in maternal weight change were found: means were positive for those followed from March to June, while those followed from June to September or from July to October lost 1 kg per month on average (Figure 1) . No significant interaction was noted between supplementation and season, that is, the difference between groups did not vary with season.
Adjustment for participation in field work, maternal age, height, quality of housing and participation in field work did hardly modify mean weight changes from 4 to 7 months, and the difference between groups was still not significant (À0.22 vs À0.44 kg/months for mothers of supplemented and control infants, respectively, P ¼ 0.10).
The mean weight of mothers decreased until 9 months postpartum and increased again by 12 months (Table 3) . Although mothers of supplemented children tended to have higher mean weights than mothers of control infants from 5 months postpartum, the difference was not significant at any time.
Duration of breastfeeding
Survival analysis showed a significantly later cessation of breastfeeding among children included in the supplemented group (medians: 24.9 and 23.7 months, respectively, P: 0.034). The HR of breastfeeding cessation of supplemented infants was 0.68 (95% CI: 0.47, 0.988). Adjustment for all background variables yielded an HR of 0.59 (95% CI: 0.40, 0.89).
Birth interval
The crude HR of a new birth for mothers of supplemented infants was 0.79 (95% CI: 0.53, 1.18). However, it became significantly lower after adjustment for all background factors (HR ¼ 0.57, 95% CI: 0.36, 0.92). 
Discussion
The consumption of a high-energy and high-nutrient-dense supplement twice daily by breastfed infants from 4 to 7 months of age did not shorten the duration of either breastfeeding or birth interval in a rural West African setting. Rather, the intervention significantly increased the duration of breastfeeding and the subsequent birth interval. It resulted in a nonsignificant reduction in maternal weight loss from 4 to 7 months postpartum with a difference between groups of þ 0.25 kg/month (95% CI: À0.07, þ 0.57).
The main strengths of this study were the randomised design, the daily monitoring of consumption of the supplement, and the prospective assessment of breastfeeding duration and birth interval. Demographic surveillance provided data on the latter two outcomes for all women. This 'intent-to-supplement' analysis is preferable because it avoids systematic differences between intervention and control groups (biases) caused by nonrandom withdrawals during trials.
Its main weakness was a limited statistical power, especially for maternal weight change, due to modest sample sizes and a large variability of weight gain in this Senegalese study. Unfortunately, women in the three other settings of this four-country trial were not monitored for weight changes.
Energy intake from local complementary or breast milk was not assessed. Therefore, we cannot estimate the difference in energy intake between groups. The supplement contributed 600 kJ/day at 6 months of age, that is, 23% of estimated energy requirements of healthy children at that age (Butte et al., 2000) and even more if the lower mean weight of Senegalese infants is accounted for (6.9 kg compared to 7.6 kg in the US).
As expected, the number of daily meals of non-breast milk foods was greater among supplemented infants at 5, 6 and 7 months of age. However, control infants consumed more meals of local complementary food (family food, millet gruel) per day than supplemented infants did, but a significant proportion of infants did not consume any local food (60 vs 79% of controls and supplemented infants, respectively, at 5 months and 55 vs 33% at 6 months (Simondon et al., 1996) ). At 7 months, 25% of controls had still not consumed any complementary food during the preceding day.
We observed a difference in weight change of 250 g/month between mothers of controls and supplemented infants. Given the strong increase in number of daily meals due to supplementation, breast milk consumption was probably lower among supplemented infants, resulting in a tendency towards less severe maternal weight loss of their mothers. Unfortunately, no data on the intake of breast milk are available to test this hypothesis. The impact on maternal weight is similar to that found in the above-mentioned Honduran trial (300 g/month, (Dewey et al., 2001) ). From a public health perspective, such a reduction in maternal weight loss would probably be beneficial in this community, especially during the rainy season. However, the effect of supplementation on maternal weight was not greater during the rainy season, perhaps because of limited power of the study. Similarly, the effect of supplementation on linear growth of infants was not enhanced during the rainy season (Simondon et al., 1996) .
The significantly longer breastfeeding duration of formerly supplemented children was unexpected, and no biological explanation could be identified. In this community, mothers breastfeed malnourished or frequently ill children for longer durations (Simondon and Simondon, 1998; Simondon et al., 2001) , but supplementation had no significant impact on the nutritional status of infants (height-for-age or weightfor-length) at 7 months (Simondon et al., 1996) , and morbidity was similar between supplemented and control infants (unpublished data). Complementary feeding practices did not seem to differ between groups after the end of the intervention either, except for a larger number of meals taken by supplemented infants at 9 months of age.
The duration of breastfeeding varies with season of birth (children born during the rainy season cease breastfeeding significantly later than other children (Simondon and Simondon, 1998; Simondon et al., 2001) ), but the distribution of month of birth did not differ between controls and supplemented infants.
This difference of 1.2 months may seem trivial given the total duration of breastfeeding (24 months on average), but it is similar to the difference observed between mothers without and with school education or employment (1.1 months for both, (Simondon and Simondon, 1998) ). Only maternal age and parity are associated with larger differences (22.6 months for an age o20 year vs 25.0 months for an age X40 year).
Despite randomisation, supplemented infants tended to have younger mothers and mothers more frequently involved with field work. However, these differences cannot explain the longer duration of breastfeeding among supplemented infants either, because younger mothers and mothers who do not participate in field work usually breastfeed for slightly shorter durations in this community (Simondon and Simondon, 1998) . Adjustment for a number of background factors did hardly change the difference in breastfeeding duration between groups.
Our results thus contradict the current belief that an increase in the intake of complementary food among young infants hastens breastfeeding cessation. This may be due to the very long time span between introduction of complementary food and breastfeeding cessation and to large numbers of breast feeds per day. As far as we are aware, no previous infant supplementation studies in developing countries have shown any effect on breastfeeding duration. Some studies did not investigate this relationship (Schroeder et al., 1995; Dewey et al., 1997) , while in others the duration of breastfeeding did not differ by group of supplementation (Lutter et al., 1990) .
Since mothers were aware of group assignment, the longer duration of breastfeeding of supplemented children could be due to maternal suspicion about long-term effects of the supplement. Indeed, seven supplemented infants were withdrawn from the trial by their parents, as compared to only two controls (P: 0.09). However, the difference in breastfeeding duration remained significant when these infants were excluded from the analysis (HR: 0.63 (0.41, 0.97) in adjusted analyses).
In a recent study conducted in this Senegalese community, the introduction of complementary food prior to 6-7 months postpartum was associated with a significantly increased risk of resumption of menstruation at 6-7 months, compared with later introduction (hazards ratio: 5.1 (Simondon et al., 2003) ). These results suggest that infant food supplementation from 4 to 7 months of age may increase the risk of early maternal resumption of menstruation, and thus possibly also the risk of short birth interval.
However, in the present trial infant supplementation lengthened the birth interval instead of shortening it. Possible explanations are that the prevalence of resumption of menstruation by 6 months postpartum is very low in this population (4.2% (Simondon et al., 2003) ), and that the pattern of extremely frequent breastfeeding which prevails in rural Africa may have prevented ovulation even after early resumption of menstruation. Thus, the increase in breastfeeding duration associated with infant supplementation may have outweighed the effects of any (supposed) increase in the risks of resumption of menstruation and of ovulation.
WHO recommends the introduction of complementary foods into the diet of breastfed infants at 6 months of age, but in most countries they are introduced at younger ages (Dimond and Ashworth, 1987) . The data presented here do not support the assertion that delaying the introduction of complementary food until 6 months for all infants would increase the total duration of breastfeeding or decrease the risk of short birth intervals.
In conclusion, daily consumption of high-energy-dense complementary food from 4 to 7 months of age by breastfed infants tended to attenuate maternal postpartum weight loss in this rural West African community. Surprisingly, early infant supplementation increased, rather than shortened, the duration of breastfeeding and the mean birth interval. More attention should be given to short-and long-term effects of infant feeding interventions on maternal reproductive function.
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